Background: Indigenous and/or minority ethnic women are known to experience longer delays for treatment of breast cancer, which has been shown to contribute to ethnic inequities in breast cancer mortality. We examined factors associated with delay in adjuvant chemotherapy and radiotherapy for breast cancer, and its impact on the mortality inequity between Indigenous Māori and European women in New Zealand.
Background
Ethnic disparities in receipt of breast cancer care are well documented, and have been shown to contribute towards worse breast cancer outcomes among Indigenous and/or minority ethnic women [1, 2] . Indigenous and/or minority ethnic women are more likely to experience longer delays in initiation of treatment for breast cancer [3] [4] [5] , which are known to increase risks of breast cancer recurrence and mortality [6] [7] [8] [9] .
Indigenous Māori, who make up about 15% of New Zealand population, carry a greater burden of breast cancer due to a higher incidence and a lower survival compared with NZ European women [10] . Advanced cancer stage at diagnosis in Māori women is known to have the greatest impact on breast cancer survival disparity between these two groups. Still, stage adjusted breast cancer mortality is about 30% higher for Māori women indicating a significant contribution from factors other than stage at diagnosis, including possible differences in treatment quality and delays in treatment [10] .
A substantial reduction in breast cancer mortality has been observed in developed countries over the last two decades, which has been attributed to earlier diagnosis with widespread use of screening mammography and advances in breast cancer treatment [11] . Timeliness of instituting treatment is crucial in order to obtain the maximum potential benefit from these new and advanced treatments. Two recent meta-analyses have shown a 6% and 15% increase in relative mortality rate with each 4-week delay in initiating adjuvant chemotherapy [12, 13] . Although timeline thresholds given in treatment guidelines are sometimes arbitrary and controversial, longer delays for surgery, chemotherapy and radiation therapy have all been proven to be associated with poorer breast cancer outcomes including higher risks of recurrence and mortality [6, 8, 9, 12, 13] .
In New Zealand, longer delays experienced by Māori in the receipt of cancer care have been reported for surgical treatment of breast and lung cancer [14, 15] and for receipt of adjuvant chemotherapy for bowel cancer [16] . To date, no data are available on delays in adjuvant therapy experienced by New Zealand women with breast cancer or ethnic differences in the receipt of such treatment.
We conducted this study to identify ethnic differences in delay in initiating adjuvant chemotherapy or radiation therapy following surgical treatment for invasive breast cancer. We also explored time trends in delays and impact of delay on breast cancer outcomes in this cohort of women with breast cancer.
Methods

Study population
Data for this study were extracted from the Waikato breast cancer register (WBCR), a population based, prospective, comprehensive database of newly diagnosed breast cancers in the Waikato, New Zealand since 1999. The WBCR includes over 98% of all diagnosed cancers in the region and validity of its data has been reported previously [17] . All newly diagnosed invasive female breast cancers during the period from 01/01/1999 through 31/12/2012, were identified from the WBCR (n = 2848). Of this, women with metastatic cancer (stage IV disease) at diagnosis (n = 166), women who did not undergo primary surgery (n = 114) and women who received neo-adjuvant therapy (n = 87), were excluded.
Healthcare system in New Zealand and breast cancer services in the Waikato
New Zealand has a well-resourced publicly funded national health system that provides specialist and hospital care to all citizens without patient charges. Parallel to the public system, there are a variety of private hospital facilities available, which are mostly funded through insurance schemes. A national breast cancer screening programme, BreastScreen Aotearoa (BSA) provides free biannual breast cancer screening for all women aged 45-69 years. The Waikato region with a population of 365,000 is the fourth largest of twenty District Health Boards in New Zealand. It has a major urban centre, a significant rural population and a Māori population of almost 80,000. Public sector breast cancer services in the Waikato are provided through specialist services at the district tertiary hospital in Hamilton. In addition, surgical treatment is also provided through several well-equipped private hospitals. Radiation therapy services for the Waikato region are provided exclusively through the radiation facility at the tertiary hospital in Hamilton, while chemotherapy facilities are provided through a satellite site in addition to the tertiary hospital in Hamilton.
Data
Patient ethnicity was obtained from the WBCR, which records self-assigned ethnicity as declared by each patient during the WBCR consent process. Ethnicity was grouped into four categories; Māori, Pacific (including Samoan, Cook Island Māori, Tongan, Niuean, Tokelauan, Fijian and other Pacific Islands), NZ European, and 'Other'. Cancer staging was performed according to TNM (Tumour, Lymph node and Metastasis) staging system [18] .
Socioeconomic status of each woman was categorized according to the New Zealand Deprivation Index 2006 (NZDep06) [19] . NZDep06 measures socioeconomic status based on area of residence and assigns a deprivation score on a scale from 1 to 10 (1-least deprived 10% of areas, 10-most deprived 10% of areas in New Zealand) based on nine parameters measured during the population census in 2006. Distance from a woman's residence to treatment facility where surgery was carried out was calculated based on New Zealand Statistics [20] and was categorized into four categories; 0-10 km, 10-50 km, 50-100 and >100 km.
A comorbidity score for each woman was calculated using Charlson Comorbidity Index [21] , based on existing comorbidities at the time of diagnosis of breast cancer. Comorbidity score was categorized in to 0 or ≥1.
Delay in adjuvant therapy
To assess time gap from surgery to initiation of first adjuvant therapy (i.e. chemotherapy or radiation therapy), all women with non-metastatic invasive breast cancer undergoing surgery as primary breast cancer treatment modality were identified (n=2481). Chemotherapy was considered as the first adjuvant therapy for all eligible women undergoing adjuvant chemotherapy (n=922, 37.2%) and radiation therapy was considered as the first adjuvant therapy for women undergoing radiation therapy without prior adjuvant chemotherapy (n=996, 40.1%). The time gap to adjuvant chemotherapy and radiation therapy was defined as number of days from the most definitive operation for the breast cancer to the first administration of chemotherapy or radiation therapy [5] . The definitive surgical procedure at the primary site captured the most invasive surgical procedure at the primary site and included excisional biopsy, wide local excision and mastectomy. Women who had delays of more than 365 days for either chemotherapy or radiation therapy were excluded.
A threshold of 60 days was used as the acceptable threshold delay for initiating chemotherapy, based on evidence from three recently published papers. These include two meta-analyses which have demonstrated 6% and 15% worse overall and disease free relative mortality rates for each 4-week delay in initiating chemotherapy [12, 13] . A third study from the USA, which included more than 6000 women found significantly worse disease free survival for women with stage II-III or triple negative or HER-2 positive cancers, who experienced delays longer than 60 days [9] . As some previous studies have used a 90-day threshold delay for chemotherapy [7, [22] [23] [24] , we performed additional analyses with a 90-day threshold for chemotherapy. For radiation therapy, a 90-day threshold was used, which has conventionally been used in the assessment of radiation therapy delay [8] .
Data analysis
Data were analysed using SPSS (version 22). Continuous variables were summarized as mean/median with standard deviation (SD). Independent samples median test was used to test differences in continuous variables. Chi squared tests (χ 2 ) for trend was used to test differences in delay among groups including age, ethnicity, stage, mode of diagnosis (screen detected or symptomatic) and year of diagnosis. Multivariable logistic regression analyses were performed to estimate independent association between above factors and delays in initiating adjuvant therapy. Separate Cox regression models were used to identify the association between breast cancer specific mortality and delay (overall, chemotherapy and radiation therapy) adjusting for covariates.
Ethical approval for this study was obtained from the New Zealand Northern ' A' Ethics Committee (Ref. No. 12/NTA/42).
Results
This study included a total of 1918 women of whom 922 (711 NZ European and 153 Māori) received chemotherapy and 996 (853 NZ European and 113 Māori) received radiation therapy as first adjuvant therapy. The median time gap for initiating adjuvant chemotherapy was 49 days (mean 52.6, SD 21.3) and for adjuvant radiation therapy was 76 days (mean 81.4, SD 32.5). Māori women experienced significantly longer median delays compared with NZ European women for both adjuvant chemotherapy (median delay 54 vs. 49 days, p = 0.017) and radiation therapy (median delay 83 vs. 75 days, p = 0.046). Overall, 318 (31.9%) women experienced a delay longer than 90 days to receive radiation therapy and the number of women who did not receive chemotherapy within 60day threshold was 301 (32.4%). A total of 619 (32.3%) women experienced a delay in receiving first adjuvant therapy. Five percent (n = 46) women experienced a delay longer than 90 days for chemotherapy. A significantly higher proportion of Māori women experienced a delay longer than 90 days compared with NZ European women (8.7% vs. 4.2%, p = 0.025).
Univariate analysis of factors associated with delay in receiving first adjuvant therapy, chemotherapy and radiation therapy are shown in Table 1 and the multivariable logistic regression in Table 2 . Māori or Pacific ethnicity compared with NZ European ethnicity, earlier year of diagnosis, requiring a re-excision following primary surgery, longer distance from the tertiary care hospital and receiving surgical treatment from a public versus private hospital were associated with significantly longer delays (p < 0.05) for first adjuvant therapy in both unadjusted and adjusted models. For chemotherapy, a significant inverse association (p = 0.048) was observed between stage and proportion with delays longer than 60 days with the smallest proportion observed for stage III disease. Delays longer than threshold limits for chemotherapy and radiation therapy were significantly associated with reexcisions after primary surgery and treatment in public hospital in both univariate and multivariate models. Distance from treatment facility was significantly associated with delay in radiation therapy (p = 0.021), but not for delay in chemotherapy (p = 0.540). Delay for radiation therapy has significantly reduced over time (p < 0.001), while delays for chemotherapy have increased during Adjusted multivariable logistic regression model identified year of diagnosis, re-excision and surgical treatment facility type to be independently associated with delay in first adjuvant therapy as well as for delay in chemotherapy and radiation therapy ( Table 2) . Overall, Māori, Pacific and Other ethnicity were associated with higher likelihoods of delay for chemotherapy, radiation therapy and for first adjuvant therapy, although this was statistically significant only for delay in radiotherapy for Māori and delay in first adjuvant therapy for Pacific women in the multivariable model. Sensitivity analysis with 90-day chemotherapy delay threshold yielded similar results in the multivariable regression model (data not shown) with year of diagnosis (OR = 1.37, p < 0.001), re-excision (OR = 3.96, p = 0.001) and public hospital care (OR = 4.89, p = 0.001) showing significant associations. Māori women had a non-significantly higher risk for a chemotherapy delay longer than 90 days (OR = 1.41, p = 0.291) compared with NZ European women in this model. Time trends in 60-day chemotherapy and 90-day radiation therapy delay by ethnicity is shown in Figure 1 .
Higher proportions of Māori women have consistently experienced longer delays for radiation therapy compared with NZ European women over the study period which were significant during 2003-2006 and 2007-2009 periods (p = 0.010 and p = 0.012, respectively). The reduction in radiation therapy delay has been greater for NZ European than for Māori over 1999-2009, which has resulted in a widening of disparity in delay between Māori and NZ European, although this gap seems to have narrowed over the last three year period of the study. Higher proportions of Māori have experienced delays longer than 60 days for chemotherapy over 1999-2009 period, but since has declined below the rate for NZ European women over 2010-2012. For delays in chemotherapy longer than 90 days (Figure 1 ), the highest proportion was seen during 2007-2009 period (overall 10.9%, NZ European 9.7%, Māori 15.8%) and since has declined to 5.2% (NZ European 4.6%, Māori 6.8%) during 2010-2012.
A survival analysis using a multivariable Cox regression analysis adjusting for covariates showed a significantly higher breast cancer specific mortality risk (HR = 1.45, p = 0.024) among women who experienced delays in first adjuvant therapy (Table 3) . A sensitivity analysis with a 90-day delay threshold for chemotherapy yielded a similar increased trend for breast cancer mortality for women who experienced a delay for first adjuvant therapy (HR = 1.29, 0.81-2.05, p = 0.288), although this difference was no longer statistically significant. Delay in chemotherapy (HR = 1.34, p = 0.157) and radiation therapy (HR = 1.28, p = 0.449) were also tended to be associated with higher hazards of breast cancer mortality although these did not reach statistical significance.
Discussion
From this study we found that among women with nonmetastatic invasive breast cancer in the Waikato, New Zealand, almost a third (32.3%) experienced a delay in initiating radiation therapy or chemotherapy as first adjuvant therapy following primary surgical treatment. Furthermore, Māori and Pacific compared with NZ European, rural compared with urban dwelling women and women who received surgical treatment in public compared with private hospitals had significantly higher likelihoods of experiencing delays longer than thresholds for adjuvant therapy. Increasing socioeconomic deprivation tended to be non-significantly associated with longer delays in adjuvant therapy while no association was observed between delay and patient age. Although delay in radiation therapy seems to have improved over time, substantial proportions of women continue to experience clinically significant delays for both chemotherapy and radiation therapy. Delays in adjuvant therapy for breast cancer experienced by disadvantaged populations including minority and Indigenous ethnic groups are well documented [1, 2] . From a study based on over 100,000 women from the US National Cancer Database, Fedewa and colleagues reported that Black African women were 30% and 50% more likely to experience delays longer than 60 and 90 days respectively, for initiation of adjuvant chemotherapy compared with White European women [5] . We observed a similar pattern where greater proportions of Māori women experienced longer delays for chemotherapy (23% higher for 60-day and 100% higher for 90-day delay) compared with NZ European women. However, from 2007-2009, there were no significant inequities between Māori and NZ European women and, in 2010-2012 Māori women were less likely to experience a delay in accessing chemotherapy. Timeliness in initiating treatment for breast cancer is of greater importance for women with more advanced or more aggressive cancers (i.e. stage II or III, hormone receptor negative, HER-2 positive) [9, 25] . Māori women are more likely to be diagnosed with more advanced disease and are more likely to have hormone receptor negative and HER-2 positive breast cancers [10, 26] , and hence longer delays in adjuvant therapy, as demonstrated in this study are likely to have a greater impact on breast cancer survival in Māori women. However, women with more advanced cancers seem to have had shorter delays, possibly due to prioritized care for these higher risk women and, hence likely to have had a minimal differential impact on higher mortality in Māori compared with NZ European women. Delays in cancer adjuvant therapy are associated with factors including lack of access to healthcare, difficulties with navigating the health system, geographic distance to treatment facility, availability of transport and ability to take time-off work to attend adjuvant therapy [1, 27, 28] . Further, women of some ethnic minority populations including Black Africans in the USA have been shown to be less willing to undergo adjuvant treatments because of greater fear of side-effects and lack of knowledge on potential benefits [29, 30] . Longer delays for adjuvant therapy observed among Māori compared with NZ European women in this study were likely due to a combination of these factors as Māori are more likely to be socioeconomically deprived and live in rural areas with less access to transport compared with NZ Europeans [31] . These differences were observed despite temporary accommodation and/or free transport been provided by the Waikato District Health Board for women requiring these facilities to attend adjuvant chemotherapy and radiation therapy. Furthermore, the higher risk of Māori compared with NZ European women for longer delays persisted even after adjusting for deprivation and residence which probably was due to the impact of unmeasured or under-measured confounders in the present study. For instance, Māori women are more likely to have lower levels of education, lower health literacy and are less likely to have a health insurance policy compared with NZ European women [31] , factors which are known to be associated with longer delays in cancer treatment [5] . These factors were not included in our analyses due to unavailability of these data from the WBCR. We also observed that significantly smaller proportions of women who received surgical treatment in the private sector had experienced delays beyond the threshold limits for both chemotherapy and radiation therapy compared with women treated in the public sector. Ability to afford treatment from private sector has a strong correlation with higher socioeconomic status and/or having a health insurance policy. Hence, this observation supports, though indirectly, affluent socioeconomic background and health insurance as factors influencing shorter delays in the receipt of adjuvant therapy. This disparity is observed, despite more than 95% women included in the present study receiving their adjuvant chemotherapy and radiation therapy free of charge from the public sector.
Rural residency is known to influence delay as well as a woman's decision to undergo adjuvant radiation therapy for breast cancer [32] . Radiation therapy requires women to attend a radiation facility five days a week over a period ranging from three to six consecutive weeks and due to this many rural women prefer mastectomy over BCS [14, 32] . This is of greater importance for the study women as the Waikato district health board covers an area of over 20,000 square kilometres and yet has provided radiation therapy services through a single central facility. In comparison, chemotherapy in most instances requires only once in three weeks and/or once a week visits to a chemotherapy facility and is less likely to be influenced by rural residence. Consistent with this, no significant differences in delays for chemotherapy were observed between urban and rural women in the present study.
Several effective strategies for minimizing delays in adjuvant therapy and reducing inequities in delay between socioeconomic and ethnic groups are reported in literature. These include improving access through increasing supply or efficient usage of existing cancer resources through coordinated cancer care, decentralization of cancer services and through improving patient health literacy [33] [34] [35] [36] . As we have observed, almost a third of women have experienced delays in adjuvant therapy beyond the threshold limits and it appears that overloading of oncology services was a likely factor. The greatest proportion of women experiencing delays longer than three months for radiation therapy was seen during 1999-2002 which was a time when a severe nationwide shortage of radiation therapy services was experienced in New Zealand [37] . Since then the supply of radiation facilities has increased resulting in a gradual reduction in proportion of women experiencing delays longer than three months. However, the increase in supply of radiation therapy facilities has been inadequate or lagging behind to keep up with the increase in number of patients requiring radiation therapy. As a result, even in 2010-2012, about 20% women were observed to have experienced delays longer than three months for radiation therapy. Delays in chemotherapy appeared to have worsened during 1999-2009 followed by an improvement in the last time period. These different patterns of delay in chemotherapy and radiation therapy may reflect issues at national level as well as local issues of service capacity compared with demand.
Increasing the supply of oncology services alone are unlikely to eliminate inequities in delay, as disadvantaged women (i.e. ethnic minority, socioeconomically deprived, rural, etc.) will still be more likely to be subjected to longer delays. Improved patient navigation through cancer care coordinators (CCC) has been shown to help reduce delays, especially for women who are at-risk for longer delays which include women of minority ethnicity and low socioeconomic groups [38] . The Waikato District Health Board has two full-time CCC's providing support for women with breast cancer since 2009. It is likely that CCCs have made a major contribution towards the observed reduction in delay overall and reduction in inequities between Māori and NZ European women observed during 2010-2012. The Ministry of Health has also identified CCC's as a key strategy to increase quality and reduce inequalities in cancer care, and since 2012 has provided funding for all District Health Boards to employ CCC's for management of common cancers in New Zealand [39] .
This study did not examine the type, duration, dose or rates of completion of adjuvant chemotherapy or radiation therapy which are also known to impact on the efficacy of these adjuvant therapies [40, 41] . Further, although we have observed several associations with longer delays, we were unable to identify causes for these delays i.e. whether delays were due to longer wait time for appointments or due to patients not attending appointments, additional investigations required due to patient comorbidity, etc. Another limitation of this study was the inclusion of only small numbers of Pacific and Other women. Although we have observed longer delays among Pacific women small sample size prevented further analyses. Further, we have used an area based deprivation system as a proxy measure for individual socioeconomic deprivation. Although the NZDep2006 has been validated as a proxy measure for individual derivation [42] , it inherently has a limited ability to predict individual deprivation. Lack of a significant correlation between deprivation score and delay in adjuvant therapy as observed in this study could have been influenced by this lack of precision. In addition, although the WBCR data are highly complete [17] , minor errors in misclassifications or data entry are inevitable. A stringent quality control process including a regular audit of the database is expected to have minimized, but not eliminated such errors.
Conclusions
In conclusion, we have observed significantly longer delays experienced by Indigenous Māori women, rural women and women receiving surgical care in the public sector. Although delays in adjuvant therapy appear to have improved over the study period, it is concerning to note the substantial proportion of women continuing to experience clinically significant delays for adjuvant breast cancer therapy. Reducing delays through improvements in availability, efficiency and access to oncology services will not only minimize ethnic inequities in delay but may improve outcomes for all women with breast cancer in New Zealand.
